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(54) METHOD AND DEVICE FOR MULTI-PHASE OPTICAL MODULATION 

(57)Abstract: 

PURPOSE: To provide the method and device of 
multi-phase optical modulation, 
CONSTITUTION: This method of the multi-phase 
optical modulation is provided with a step for 
disposing a picture element 20 provided with at least 
two modulation elements 22 and 24, the step for 
making light made incident to the address specified 
element receive noncontiriuous phase change in an 
address specifiable state by address specifying the at 
least two modulation elements 22 and 24 and the 
step for resolving the light from the at least two 
modulation elements 22 and 24 to a response 
provided with at least three peculiar phases further. 
The other device, equipment and method are also 
presented. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely, 

2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A step which allocates a pixel which has at least two modulation elements which 
can be switched between [ of at least two / addressable ] states, At least two modulation 
elements are addressed the first half when it can switch between [ of at least two / 
addressable ] states, A step from which light which enters into this modulation element 
receives a nonsequential phase change when this modulation element switches this few 
**** between [ of two / addressable ] states by it, A method of polyphase light modulation 
using an array of a pixel containing a step which resolves light from said at least two 
modulation elements to a single response which has at least three original phases. 
[Claim 2]The 1st modulation element that can be switched between [ of at least two / 
addressable ] states, Light which is the 2nd modulation element that adjoins this 1st 
modulation element, and that can be switched between [ of at least two / addressable ] 
states, and entered into this 2nd modulation element, By making said 2nd modulation 
element formed so that phase contrast might be made to produce between light which 
entered into said 1st modulation element and received the operation, and **, and said both 
modulation elements change physically, A polyphase optical modulator which has a pixel 
including an addressing circuit which exists in the lower part which is made to produce a 
nonsequential phase change corresponding to said at least two addressable states of these 
both modulation elements, and in which it deals. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Although especially this invention is addressed by the discrete level 
address circuit, concerning polyphase form spatial light modulation generally, it relates to 
operation and manufacture of the optical modulator in which the polyphase state for light 
modulation is possible. 
[0002] 

[Description of the Prior Art]A spatial optical modulator (SLM) is a transducer which 
modulates Incident light to the spatial patterns corresponding to an electric or optical input. 
Incident light has the phase, intensity, a bias, or a direction modulated, and the abnormal 
conditions of the light are performed with various materials in which various electrooptics or 
magnetooptic effects are shown by the material which modulates light according to 
modification of the surface again, and it deals in them. SLM is variously applied in optical 
information processing, the projection display, and the field of electrostatic printing. 30 
Please refer to the Reference documents quoted by the L.Hornbeck work "128x128 
Deformable Mirror Device" cited in IEEE Tran.Elec.Dev.539 (1983). 
[0003]Conventionally, in this field, in order for a binary optical modulator to realize many 
phases and/or amplitude states from two, many methods have been used. Although applied 
to the magnetooptical modulator which is binary-like [ all these methods ] originally 
substantially, a certain thing is applied to other modulators which operate in binary simply, 
and it deals in it. Flannery of 27-4079 to Applied Optics4083 (1988) printing "Transform- 
ratio Ternary Phase-amplitude Filter Formulation written by outside, for Improved 
Correlation. Discrimination" and Applied. Kast cited in Optics 28-1044-1046 (1989) 
"Implementation of Ternary Phase Amplitude Filters Using aMagnetooptic written by 
outside. The method of using the ternary state of it being accessed in a magnetooptical 
modulator and getting is explained to Spatial Light Modulator." The magneto-optics device 
operates by switching the direction of the magnetic domain in a penetrable garnet material. 
The direction of a magnetic domain can have only two states, and the peculiar binary 
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character of this device produces it by it. 

[0004]The main fault of a binary hologram and a filter is that a certain hologram (or filter) 
and the binary display to the both sides of the complex conjugate are the same. This means 
that the both sides of the image for which it asks, and the copy (level and thing made 
reverse in vertical both sides) by which the image was reversed spatially are made to be 
generated, when a binary hologram is reproduced. In this reproduction, since that 
conjugate image is not given to said image as for the preference, either, the total energy of 
an output is divided equally to these images, therefore the efficiency of this process falls. 
Unless these two images are separated using special technology, such as spatial 
subcarrier abnormal conditions, these two reconstruction images overlap spatially mutually. 
Spatial subcarrier abnormal conditions reduce the overall efficiency of reconstructive 
processing further. 

[0005]ln Dickey and the Hanshe work "Quad-phase Correlation Filter Implementation" of 

possession in Applied Optics 28-4840-4844 (1989). In order to realize four phase levels to a 

correlating filter, the method of using a binary state magneto-optics device is explained. 

Detour phase approach is used for this method by operating the device by which the aryne 

was slightly carried out to the off-axis. The inclination used in order to give this 

misalignment gives pi/2 of phase contrast between the adjacent pixels in the modulator in a 

slope direction. If processing resolution is set so that the response from an adjacent pixel 

may be mixed together and a net response may be given, they will be four phase states. : 

[External character 1] 
(±1+ j) / VT 

(Namely, pi/4, 3pi/4, 5pi/4, and 7pi/4radian) become possible. This technology requires 
dangerous alignment common difference. 

[0006]ln U.S. Serial Number 590,405 of September 28, 1990 application, Florence showed 
that all the complex light modulation was possible, when mixing the response of two 
adjoining phase modulation elements by analog addressing. Separate addressing of two 
modulation elements gives the flexibility 2 required to set the both sides of amplitude and a 
phase independently in the compounded pixel response. Although this method is very 
common and a perfect modulation range is given in the both sides of amplitude and a 
phase, an analog addressing circuit is needed. 
[0007] 

[Problem to be solved by the inventionjAn object of this invention is to conquer the above- 
mentioned difficulty of conventional technology. 
[0008] 

[Means for solving problem]The embodiment of this invention provides the method of 
reprograming enhancement of reproduction of filtering of an image, correlation, and a 
holograph image and information, or details using the complex abnormal conditions within 
the Fourier flat surface. Since light Is not removed by attenuation of amplitude, the 
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embodiment of this invention modulates only the phase which has optical efficiency higher 
than all the complex abnormal conditions. Manufacture and operation use the easy 
advantage of a binary addressing circuit substantially from what must give the analog 
addressing level with them which has quite few memories which compare this embodiment 
with an analog phase display further, and are needed for filter memory storage. [ specific ] 
[0009]An embodiment gives a polyphase level in complex abnormal conditions, and gives a 
zero amplitude state further again. The advantage of having a zero amplitude state is 
removing noise in a field with a filter plane, and making very small signal energy lost there, 
or completely being able to lose. Therefore, the signal to noise ratio can be improved, 
without hardly affecting optical efficiency. 

[0010]An embodiment realizes an above-mentioned advantage without the difficulty of the 
dangerous alignment described about the device of conventional technology further, 
[0011] 

[Working example]A!though an embodiment is described hereafter, referring to an 
accompanying drawing, especially the same number and mark in a figure which is different 
as long as there is no notice are related with the same parts. 

[0012]tn the field of signal processing, the process to which abnormal conditions generally 
change the amplitude of a carrier signal, frequency, or a phase is said. The carrier signal 
which is not modulated is a wave of the energy of constant frequency. This energy may be 
a sound, light, or an electric wave. It is the energy itself that the important feature of an 
energy wave moves although this wave is occasionally transmitted through a substance. 
For example, if a stone falls into a pond, a ripple will spread from the point that the stone hit 
water. However, these waves do not comprise water which moves to the method of outside. 
The water of the surface of a pond is only gone up and down not right [ that J, and only 
energy is moving to the method of outside. Similarly, a light wave or a sound wave 
comprises regular vertical motion of energy. The distance between the peaks of successive 
energies is wavelength, and the frequency which those points pass is the frequency of a 
wave (in music), frequency is the same as the pitch of sound — the difference between the 
height of the energy state of a wave is wave amplitude, and the state and the time place of 
the wave in 1 moment are a phase of a wave (if it puts in another way) Between the peaks 
of successive energies, the phase of 360 degrees or 2pi radian exists, and the phase of 
180 degrees or pi radian exists between the peak of energy, and the minimum score of 
energy. When progressing through us toward us, it a wave not only tells energy, but 
performs communication of a meaning. For example, a fixed wave like the beam of a 
portable electric light cannot transmit information at all. However, if the beam is interrupted 
or the luminosity is made to change, it can convey a message. Communication conveyed 
by all the waves is performed by this method. 

[0013]Although amplitude modulation plays, fixed sound, i.e., height, the volume of the 
sound of a trombone is similar to the trombonist who makes it change. Although frequency 
modulation plays fixed height, it vibrates the slide of a trombone near the position 
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corresponding to the fixed height which is not modulated, and is similar to the trombonist 
who makes the vibrato or tremolo near [ the / fixed ] height produce. The sound of a long- 
distance trombone makes the flat surface of equal energy which he follows at an equal 
speed of the direction which generally keeps away from a plane wave, i.e., a trombone, and 
progresses to audiences. The listener who is in the equal distance receives the sound of 
the same phase from a trombone. When a signal needs to progress [ rather than ] to a 
distance a little to other listeners to one listener, or when it **** with a low speed a little, 
these listeners receive the sound of a different phase. Generally people's ear cannot detect 
phase contrast, but the trombonist can transmit and detect various electron devices with the 
style which modulated amplitude and frequency and which was similar In phase contrast, 
although a phase cannot be modulated like. Information can be transmitted if change of 
amplitude, frequency, and a phase is given and detected by modulating the signal of the 
constant frequency of light, and ****************** |jk e a trombonist's case. The embodiment 
of this invention can perform this about the phase of a lightwave signal. A laser beam (it has 
almost fixed frequency and the wave front of an almost uniform phase) is made to enter on 
the array of a spatial optical modulator (SLM) in an embodiment. Information is usually 
arranged by computer on this array, and that information becomes a part of lightwave signal 
reflected from the embodiment of this invention by it. The embodiment of this invention 
modulates the phase from which incident light changes continuously, and makes a 
nonsequential phase change produce depending on the information currently transmitted. 
The phase of a lightwave signal as well as time being continuous is continuous as 
movement of the second pointer of a clock sees, however, time for time to be a 
nonsequential unit and a part a second - and a second a portion - be alike is 
measured. If a unit (time) is decomposed per much more portions (1/8, 1/4, 3/8, 1/2, 5/8, 
3/4, 8 7/hours) and it gets, the display of time will be performed more correctly and it will 
deal in it. [ 1/4, 1/2, 4 3/hours, or ] Since the same thing can say also about the phase of a 
signal, it is made for the embodiment of this invention to decompose a phase per portion 
easily, and the digital signal which makes a type a binary addressing signal which is 
moreover acquired from the usual computer is used for it. It is addressed by each of a 
single picture element, and if the partial element resolved independently is used, among 
many phases, a carrier signal can be easily modulated from two, and in the spatial 
modulation machine of the conventional technology which uses binary addressing, this is 
possible all. 

[001 4]A phase modulation of an embodiment is performed by resolving light from two or a 
partial element beyond it into a single picture element. For example, light enters on a pixel 
which has two partial elements, and a zero-radian phase change is given on the 1st partial 
element, On the 2nd partial element, a phase change (pi / 2 radian) is given, and if light 
reflected from both elements has the same amplitude, light reflected from both partial 
elements will have a phase change of pi/4 of net. If light which similarly a phase change of 
pi radian was given on the 1st partial element, and a phase change (pi / 2 radian) was 
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given on the 2nd partial element, and was reflected from both elements has the same 
amplitude, Light reflected from both partial elements will have a phase change of net of 
3pi/4. 

[0015]An embodiment of this invention is shown in drawing 1 . This embodiment comprises 
the pixel 20 which comprises the one phase modulation element 22 switched between zero 
radian and pi radian, and the 2nd modulation element 24 switched between pi / 2 radian, 
and 3pi / 2 radian. According to resoJution of Optical Apparatus Sub-Division set so that a 
response of these two elements might be mixed, a response of net of this pixel has four 
possible phase states (********, pj/4 f 3pi/4, 5pi/4, and 7pi/4) shown in drawing 2 . Since 
amplitude of a response in these phase states is added by phase contrast whose two equal 
ingredients are pi/2radian, [External character 2] 

i/n 

That is, it is set to 0.707 (if two half-portions are correctly set to the same phase, amplitude 
is added and is set to 1). Since a phase is a relative quantity, it can measure pi/4 state as a 
standard (that is, it can be considered that pi/4 states are zero phase states). In that case, it 
can be considered that four phase states of these modulating pixels are 0pi/2pi, and 
3pi/2radian. 

[0016]Another embodiment of this invention is shown in drawing 3 . In this pixel 30, four 
modulation elements in which an address is possible independently exist, the 1st - and 32 
and 34 are switched between zero radian and pi radian. [ of element / 4th ] It reaches 2nd 
element 36 and 38 [ element / 3rd ] is switched between pi / 2 radian, and 3pi / 2 radian. If 
the resolution of Optical Apparatus Sub-Division is again set so that the response of these 
elements may be mixed by single response, various phase states shown in drawing 4 will 
be realized, and it will get. One advantage of this pixel structure is that that modulation 
characteristic shown in drawing 4 can give eight different phase states which has the 
respectively almost same amplitude. This modulation characteristic can also give a zero 
amplitude state further. This pixel 30 suits directly in the addressing circuit developed for 
the display device which uses a binary addressing circuit. Without changing the address 
structure used as the foundation, it is added on the present binary addressing circuit, and 
deals in regular square arrangement of the modulation elements 32, 34, 36, and 38. 
[0017)An above-mentioned principle is extended also to the device switched between the 
phase states which do not make a right angle, and it deals in it The embodiment shown in 
drawing 5 is the example. This pixel 40 comprises three modulation elements, switches the 
one element 42 between zero radian and pi radian, switches 44 [ element / 2nd ] between 
pi / 3 radian, and 4pi / 3 radian, and switches 46 [ element / 3rd ] between 2pi / 3 radian, 
and 5pi / 3 radian. The combination of these elements gives seven reply states shown in 
drawing 6 , when resolved properly. The modulation characteristic in this embodiment also 
has a zero amplitude state, and all of six phase states have the same amplitude (2/3 of the 
response at the time of assuming that all are equal phases) correctly. 



http://ww4.ipdl.inpit^ . . 1 0/25/20 1 0 



JP,06-281869,A [DETAILED DESCRIPTION] 



Page 6 of 15 



[0018]The polyphase pixel of an embodiment is a deformable mirror optical modulator. In 
another embodiment, it realizes as an optical modulator of the arbitrary forms of having the 
capability switched between two phase states, and deals in an above-mentioned pixel. 
[0019]ln many another embodiments, in order to introduce phase deviation required to 
switch between phase states phase states and adjacent elements cross at right angles, it is 
necessary to arrange a mask on a modulation element. Mask structure over a polarization 
rotation form optical modulator like a magneto-optics device or a liquid crystal device is 
shown in the device 50 of drawing 7 . The active devices 56 and 58 are made to intervene in 
this structure between the light polarizer 52 and the analyzer 54. The mask 60 is added 
after the analyzer 54. The portion 62 includes a field of the mask 60 which has the 
thickness as which the 1st was chosen. Light which passed the 1st active device 56 and the 
portion 62 has a standard phase. The portion 64 includes a field of a mask which has 
another selected thickness. A phase change of an addition required for the 2nd active 
device 58 to operate between phase states of the 1st active device and phase states which 
make a right angle is introduced into light which passed the 2nd active device 58 and the 
portion 64. The mask 60 is added after an analyzer, in order that a phase change may 
guarantee not changing operation of light polarizer / analyzer pair. 
[0020]As sketched above, it is a subunit containing two elements, the polyphase 
modulating pixels, i.e., the macro element, of an embodiment 
The 1st element can switch a phase between zero radian and pi radian, and the 2nd 
element can be switched between pi / 2 radian, and 3pi / 2 radian. 

Drawing 8 shows embodiment of this principle as a fragmentary sectional view of the single 
macroscopic element 70 in a deformable mirror device (DMD). Each macro element 
contains the 1st mirror 72 and the 2nd mirror 74. Each mirror is constituted so that only 
distance [ / odd times (pi / 2 radian of the phase of entering Lighting Sub-Division) ] may 
move perpendicularly. Movement of each mirror is performed by impressing voltage 
between the 1st or 2nd beam elements 104 and 106 and the address electrode 80 in the 
bottom of it. The beam elements 104 and 106 are connected to the lower bias circuit 
through the base pad 78, the hinges 96 and 98, and the hinge support bodies 100 and 102. 
As for the beam element 104 or 106 and the lower address electrode 80, the electric charge 
of the inverse code which formed two polar plates of an air gap capacitor, and was derived 
on these 2 polar plate with the impressed voltage is ****** about the electrostatic force 
which draws the beam element 104 or 106 to the direction of the lower address electrode 
80. Thereby, the beam element 104 or 106 is twisted in the hinge 96 or 98 (and other 
hinges which probably are not ******(ed)) of relation, and you are made to deflect it toward 
the lower address electrode 80. The address voltage impressed to the beam element 104 
or 106 makes the beam elements 104 and 106 deflect until it contacts the lower insulating 
stop component 82. Movement of the beam elements 104 and 106 is reflected in the mirror 
elements 72 and 74 formed on the beam element 104 and 106. The mirrors 72 and 74 you 
were made to deflect make change of the optical path of npi radian (however, n odd 
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number) produce then. Since the 1st mirror 72 is defined as zero radian while not deviating, 
it changes a phase between zero radian and npi radian (n is odd number). Since it is made 
for the surface of the mirror 74 to be displaced only odd times (pi / 4 radian) from the 
surface of the 1st mirror 72 when the 2nd mirror 74 has DMD in hibernation, the optical path 
difference between two mirrors of form will be mpi / 2 radian (however, m odd number) too. 
{0021]lf possible [ access to more phases ], in order to close, as had many mirrors in two 
per pixel, it is extended and deals in a manufacturing process. For example, if it is 
constituted so that three mirrors may move between zero radian, and pi / 2 radian, between 
pi / 6 radian, and 2pi / 3 radian, and between pi / 3 radian, and 5pi / 6 radian, respectively, 3 
mirror pixel will be manufactured and it will get. 

[0022]Manufacture of a polyphase form spatial optical modulator (MPSLM) can be begun 
from the composition of a lower CMOS circuit. This may be "standard" DRAM or the SRAM 
array used for a DMD projection display. However, to MPSLM, in order to form an AKURO 
pixel, a pixel is considered that group formation is carried out and gets. This is not physical 
group formation but group formation on operation. The physical array is the same as DRAM 
or SRAM address arrays. 

[0023]next, it is indicated by US,5,083,857,B following manufacture of an address circuit - 
it was changed - it hides and the substructure of a mirror is constituted by the flow of a 
hinge DMD" process, "it hides, and the process and structure of hinge DMD" are changed 
by adding a layer next to a contiguity mirror element, in order to introduce the phase 
change to the element which is not changed, "although it hides and the flow of a hinge 
DMD" process is included in the enforcement side of this invention, this invention is applied 
also to much other methods and structures for light modulation, and it deals in it. 
[0024]ln drawing 9 a, the substrate 76 is prepared, pattern formation of the metal layer is 
formed and carried out, and the base pad 78 for a lower CMOS address circuit, support 
Bahia (via) conducted electrically, and the address electrode 80 is given. As mentioned 
above, this lower CMOS address circuit may be the same as that of DRAM or SRAM 
address arrays. 

[0025]Next, in drawing 9 b, in order to control movement of the mirror 72 or 74, a stop 
component is manufactured and it does not become that there is nothing. A desirable 
manufacturing method is installing one or the stop component 82 beyond it directly on the 
electrode 80 for which it comes under the mirror 72 or 74. This step includes low- 
temperature plasma oxidation thing deposition (preferably thing below 5000A) preferably. 
Next, pattern formation of the stop component 82 is carried out, and it is etched. 
[0026] Drawing 9 c shows DMD of an embodiment after the 1st spacer layer 84 was made 
to adhere and pattern formation was carried out. In order to carry out flattening of the 
geographical feature which an electrode and a stop component make, spin spreading of the 
1st spacer layer 84 is carried out. The thickness (Tsp) of all the spacers 84 needs to be 
equal to the height (Tsp) of the stop component 82, and 1/4 wave of entering Lighting Sub- 
Division of sum with odd times (mlambda/4, and m are odd number). Thus, the beams 104 
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and 106 (not shown) The mirrors 72 and 74 (not shown) constituted on refer to the drawing 
9_e T and the beam 104 and 106 Referring to drawing 8 are the hinge elements 96 and 98 
(not shown) by the removal after the 1st spacer layer 84 (L=mlambda/4=Tsp-Tst and m are 
odd number). It can deviate through the selected distance L left behind between refer to the 
drawing 9 e and the crowning of the dielectric stop component 82. therefore, the thickness 
(Tsp) of all the 1st spacer layers 84 should pass the light reflected from the mirror which is 
not deflected, and the selected distance L (L=mlambda/4, and m are odd number) - it is 
formed so that the optical path length difference between the lights reflected from the 
deflected same mirror may be set to mpi / 2 (m is odd number). 6328-A Lighting Sub- 
Division is assumed In the embodiment of this invention. In order to set optical path length 
difference between mirrors to mpi (m is odd number), mlambda/4 F i.e., 1582 A, 4746 A, and 
791 OA of mirrors can move. In an embodiment, m- 3 is chosen for a 4746-A deviation. 
Preferably, since the thickness of the 1st spacer layer shall be 6200 A, the desirable 
thickness of the oxide stop component 82 will be 1454 A. Next, pattern formation of the 
blank 86 in hinge support Bahia formed on the Bahia pad 78 is carried out to the 1st spacer 
layer 84, and UV curing is carried out to it. 

[0027]next - in drawing 9 d it hides and a hinge" substructure is manufactured. On the 
1st spacer layer 84, the sputtering of the thin hinge aluminum alloy 88 is carried out, and 
the etch stop 90 of an embedding hinge is formed by making a low-temperature plasma 
oxidation thing adhere, and carrying out pattern formation on the hinge aluminum 88. 
[0028]ln drawing 9 e, the etch stop 94 of beam aluminum as well as the etch stop 90 of an 
embedding hinge is formed by making beam aluminum adhere, making another low- 
temperature plasma oxide layer adhere, and carrying out pattern formation on it Next, 
etching of aluminum is performed and beam aluminum of the field which is not covered with 
the etch stop 94 of beam aluminum and the hinge aluminum 88 which is not covered with 
the etch stop 90 of hinge aluminum are cleaned. Thus, the 1st hinge element 96 is formed 
and one or the 2nd hinge element 98 beyond it is formed, One or the 1st hinge element 
base material 100 beyond it is formed, one or the 2nd hinge element base material 102 
beyond it is formed, and the 1st beam element 104 is formed, and the 2nd beam element 
106 is formed. Although the oxide masks 90 and 94 are furthermore removed using plasma 
etching, it must be selectively performed so that a spacer may not be etched. Unlike the 
flow of the usual DMD process, it hides and removal of the 1st spacer layer 84 is not 
performed after removal of the oxide of a hinge. 

[0029]Next, in drawing 9 f, spin spreading of the 2nd spacer layer 108 is carried out The 
2nd spacer layer 118 must have sufficient depth so that a mirror may not be equivalent to 
the hinge support bodies 102 and 104, when the mirrors 72 and 74 deviate. In an 
embodiment, since the deviation distance of a mirror is 4746A, if the thickness of a 
desirable spacer is 6200A, it is enough. Next, on the beam 104 and 106, pattern formation 
of the blank 1 10 in mirror support Bahia is carried out, and UV curing is carried out. 
[0030]next, the thing which the mirror aluminum 1 12 is made to adhere, and a low- 
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temperature plasma oxidation thing is made to adhere further in drawing 9 g , and is etched 
~ "— hiding -- mirror" — the aluminum dirty mask 1 14 is formed. 
[0031]The aluminum layer 1 16 of the addition for [ of the phase contrast between pause 
mirrors ] giving is made to adhere in drawing 9 h. The thickness of the aluminum 116 needs 
to be equal to nlambda/8 so that the optical path difference between the pause mirrors for a 
reflection may be set to nlambda / 4 (n is odd number). To lambda= 6328-A desirable 
incident light, this thickness may be 791 A, 2373 A, 3955 A, 5537A, etc. Preferably, the 
thickness of the aluminum 116 shall be 2373 A to n= 3. By making an oxide adhere again 
and being etched, the aluminum dirty mask 1 18 to the 1st mirror 72 is formed. All the 
aluminum of the 1st mirror 72 is protected by the dirty mask 118. Even the oxide masks 114 
on the 2nd mirror 74 etch etching after being plasma etching preferably, and it removes 
aluminum of excessive nlambda/8 from the surface of the 2nd mirror 74. 
[0032]Next, in drawing 9 i, sawing of the semiconductor wafer (not shown) is carried out like 
usual, and the lower part is cut out from it. The oxide masks 114 and 118 are removed, the 
spacer layers 84 and 108 are removed, and two from the phase mirrors 72 and 74 
supported by the same deformable substructure are left behind. 

[00331 Drawlng 1 0 shows the flat-surface (crestal plane) figure of the macro element 70 of 
DMD. The position of the section where from drawing 9 a to drawing 9 i was made is also 
shown. If the hidden hinge mechanism is used, it should be cautious of the great portion of 
surface area actually serving as the mirror elements 72 and 74. thus - "- it hides, and 
becomes quite efficient [ hinge" structure ], and many incident light energies are modulated. 

[0034] Prawing 1 1 is a perspective view of the macro element 70 of DMD. Drawing 1 2 is a 
block diagram of the lightwave signal processor 200 which used DMD of the embodiment. 
The lightwave signal processor of the embodiment shown there is optical correlator. 
Operation of the optical correlator explained below is typical. DMD of this invention is used 
in the structure of much form, and it deals in it. He should understand that the embodiment 
which is moreover within the limits of claim for patent is also included in the range of this 
invention unlike what was explained. 

[0035]ln the lightwave signal processor 200, the coherent light source 202 illuminates light 
transmission / reflective element 206 by the coherent light 204. The optical element 206 is 
the light from the light source 202 DMD70 (not shown) of an embodiment It reflects in up to 
the 1st array 208 of refer to drawing 9 substantially. This 1st array 208 has the inputted 
image given by the input image sensor 210. This picture is put by the 1st array 208 in 
abnormal conditions on the lightwave signal 204, and this modulated light 212 is sent 
towards the optical element 206. The optical element 206 makes a substantial quantity of 
the modulated light 202 pass toward the lens 214. The lens 214 performs the Fourier 
transform to the light 212 modulated in this technical field so that it might be publicly known, 
and is DMD70 (not shown) of an embodiment. It has the work which makes the spatial 
frequency lightwave signal 216 sent toward the 2nd array 218 of refer to drawing 9 produce. 
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This 2nd array 218 has the selected filter picture given by the filter database 220, The 2nd 
array 218 modulates the spatial frequency lightwave signal 216 by the filter picture, turns to 
the lens 214 the signal 222 by which the filter was carried out, and sends it. In this technical 
field, the lens 214 performs inverse Fourier transform of the signal 222 by which the filter 
was carried out, and produces the output-phases Seki signal 224 so that it may be publicly 
known. Next, it is substantially reflected by the optical element 206, this output-phases Seki 
signal is sent towards CCD imager 226, and CCD imager 226 is outputted optical 
correlation map 228. In this technical field, the optical correlation map 228 shows the 
position of the correlation degree between an inputted image and a filter picture, and the 
filter subject in an inputted image so that it may be publicly known. In an embodiment, the 
light source 202 is a laser diode which outputs the coherent light 204. Preferably, the 
optica! element 206 shall reflect the light which has one bias, and shall have the work which 
penetrates the light which has other biases. Various lightwave signals which pass the 
optical element 206 are given a bias required since it is reflected by the optical element 206 
or is penetrated if needed. Single **** of the lens 214 may be many lens systems. 
[0036JThe mirror 72 and the mirror 70 are made to deflect only an equal quantity in DMD70 
of an embodiment. Another mirror which can replace these mirrors may have different 
migration length. Preferably, the spacer layers 84 and 108 are thoroughly removed after a 
sawing continuation of a wafer and lower cutoff. Or these layers 84 and 108 are removed at 
the arbitrary times after manufacture of the beams 104 and 106, and it deals in them. In an 
embodiment, metal Bahia supports a hinge / beam layers 96/104, and the mirrors 72 and 
74. Or the photoresist spacers 84 and 108 may be etched selectively and it may leave 
these fields as support Bahia. Although it comprises aluminum, titanium, gold, nickel, other 
metal, or another metal, such as a metal alloy, is also used, and it deals in a desirable 
metal structure, a desirable manufacturing method and structure are indicated by 
US,5,083,857,B - w ~ it hides and is based on a hinge" process. If it is those who became 
skilled in this technical field and the Description and Claims of this patent will be examined, 
many other structures and manufacturing methods should become clear. In an 
embodiment, although the stop component 82 was explained as an insulating stop 
component, as long as electric insulation is held without basing the structure of a device on 
the deviation of a mirror, the arbitrary materials which have suitable endurance are used 
and it deals in it. Although a lower circuit has a preferred thing of the structure of DRAM or 
SRAM type, the function can be performed depending on the form of performance of asking 
also for the circuit of charge coupled devices (CCD) or other forms. 

[0037]An embodiment contained 2 mirror macroscopic element. To a 3 mirror (or more than 
it) macro element, a flow of a process is extended as follows and it deals in it. 
[0038]lf drawing 9 a to drawing 9 g excepts that a substructure of an electrode ********** 
hinge to the 3rd mirror is included, it will advance similarly. 

[0039]ln drawing 9 h, in the case of 3 mirror devices, thickness of the aluminum film 116 
must be corrected so that the optical path difference for a reflection between the first 2 
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mirrors may be set to mpi/3 as m= 1, 4, and 7 grades. That is, the membranous thickness 
must be mpi/6radian, or mlambda/12. In an embodiment, this is equivalent to 527 A, 21 10 
A, 3692A, etc. to 6328-A Lighting Sub-Division. In an embodiment, the 21 10-A-thick 
aluminum film 1 16 to m= 4 is used, and it gets. 

[0040]ln drawing 9 h, the deposition of additional aluminum and the deposition of oxide 
masks are further needed to the 3rd mirror. These layers are formed like the aluminum film 
116 and the oxide masks 118. Preferably, an aluminum film shall be 2110 A in order to give 
a reflected light path difference (4pi / 3 radian) to a pan between the 2nd mirror and the 3rd 
mirror. Also in the explanation before drawing 9 i, the new process under explanation 
relevant to drawing 9 i is the same. 

[0041]Although the embodiment has been described above using binary addressing 
composition, Instead, bias of the DMD can also be carried out in order to obtain the ternary 
addressing composition which can close many phase states if possible, and to use 3 
operational stability of DMD, rather than possible in binary addressing. 
[0042]Above, some embodiments were described in detail. He should understand that the 
embodiment moreover included within the limits of claim for patent is also included in the 
range of this invention unlike the described embodiment. Although this invention was 
explained about the embodiment, this explanation should not be interpreted as the thing of 
a restrictive meaning. For various changes of an embodiment, and those who combined 
and became skilled in this technical field, other embodiments of this invention should 
become clear, if the above explanation is referred to. Therefore, such any changes or 
embodiments are also considered as being contained in Claims. 
[0043]The following clauses are further indicated about the above explanation. 
(1) The step which allocates the pixel which has at least two modulation elements which 
can be switched between [ of at least two / addressable ] states, Said at least two 
modulation elements which can be switched between [ of at least two / addressable ] states 
are addressed, The step from which the light which enters into this modulation element 
receives a nonsequential phase change when this modulation element switches this few 
**** between [ of two / addressable ] states by it, The method of polyphase light modulation 
using the array of a pixel containing the step which resolves the light from said at least two 
modulation elements to the single response which has at least three original phases. 
[0044](2) A way given in the 1st clause a step which addresses said at least two modulation 
elements is a step of binary addressing to which light which entered into two modulation 
elements is made, and this few **** receives a binary phase change between 
[ addressable / said ] states, and closes. 

[0045](3) A method given in the 1st clause which is a movable reflective element which said 
at least two modulation elements answer address voltage impressed to each of those 
address electrode, and is made to advance side by side by perpendicular direction. 
[0046](4) Only one fourth of odd times of wavelength of a selected light, at least one of said 
the at least two movable reflective elements is made to advance side by side by 
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perpendicular direction, and by it. A way given in the 3rd clause phase contrast of pi radian 
exists between a reflective element made to keep pace also with this few **** by one 
perpendicular direction, a reflective element which is not made to advance side by side by 
perpendicular direction, and a reflected light of ** and others. 

[0047](5) Only one eighth of odd times of wavelength of a selected light, said at least two 
movable reflective elements can give a difference perpendicularly, and it by it. A way given 
in the 3rd clause phase contrast (pi / 2 radian) exists between two one more of the movable 
reflective elements and reflected lights of ** and others in this few ****, and one and this few 
**** of two movable reflective elements. 

[0048](6) Said modulation element is a liquid crystal which has the crystal orientation which 
answers address voltage and is twisted. A method given in the 1st clause. 
[0049](7) The 1st modulation element that can be switched between [ of at least two / 
addressable ] states, The light which is the 2nd modulation element that adjoins this 1st 
modulation element, and that can be switched between [ of at least two / addressable ] 
states, and entered into this 2nd modulation element, By making said 2nd modulation 
element formed so that phase contrast might be made to produce between the light which 
entered into said 1st modulation element and received the operation, and **, and said both 
modulation elements change physically, The polyphase optical modulator which has a pixel 
including the addressing circuit which exists in the lower part which is made to produce the 
nonsequential phase change corresponding to said at least two addressable states of these 
both modulation elements, and in which it deals. 

[0050J(8) The light which is the 3rd modulation element that adjoins said 1st modulation 
element, and that can be switched between [ of at least two / addressable ] states, and 
entered into this 3rd modulation element, Said 3rd modulation element formed so that 
phase contrast might be made to produce between the light which entered into said 1st 
modulation element and received the operation, and **, The light which is the 4th 
modulation element that adjoins said 2nd and 3rd modulation elements, and is in the 
diagonal line opposition of said 1st modulation element, and that can be switched between 
[ of at least two / addressable ] states, and entered into this 4th modulation element, The 
modulator given in the 7th clause which contains further said 4th modulation element 
formed so that phase contrast might be made to produce between the light which entered 
into said 2nd and 3rd modulation elements, and received the operation, and **. 
[0051](9) The modulator given in the 7th clause which said modulation element can switch 
between [ of two / addressable ] states. 

(10) The modulator given in the 7th clause which is a movable reflective element which said 
at least two modulation elements answer the address voltage impressed to each of those 
address electrode, and is made to advance side by side by the perpendicular direction. 
[0052](1 1) Only one fourth of odd times of the wavelength of a selected light, at least one of 
said the at least two movable reflective elements is made to advance side by side by the 
perpendicular direction, and by it. The modulator given in the 1 0th clause with which the 
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phase contrast of pi radian exists between the reflective element made to keep pace also 
with this few **** by one perpendicular direction, the reflective element which is not made to 
advance side by side by the perpendicular direction, and the reflected light of ** and others. 

[0053](12) Only one eighth of odd times of the wavelength of a selected light, said at least 
two movable reflective elements can give a difference perpendicularly, and it by it. The 
modulator given in the 10th clause with which phase contrast (pi / 2 radian) exists between 
two one more of the movable reflective elements and the reflected lights of ** and others in 
this few ****, and one more and this few **** of two movable reflective elements. 
[0054](13) The modulator given in the 7th clause which is a liquid crystal which has the 
crystal orientation which said modulation element answers address voltage and is twisted. 
[0055](14) So that the step which prepares a substrate, the step which forms a binary 
addressing circuit on this substrate, and the 1st beam element may have a state 
addressable 2 stable, So that the 2nd beam element may have a state addressable 2 
stable with TESUPPU which forms in said binary addressing circuit this 1st beam element 
you were made to combine electrically, The step which forms this 2nd beam element that 
was made to combine with said binary addressing circuit electrically, and adjoined said 1st 
beam element, So that phase contrast may be made to produce between the step which 
forms the 1st mirror on said 1st beam element, the light which entered into the 2nd mirror, 
the light which entered into said 1st mirror and received the operation, and **, A formation 
method of the modification movable mirror devices (DMD) which have a movable mirror 
element for modulating incident light containing the step which forms said 2nd mirror to 
which the difference is perpendicularly given from said 1st mirror on said 2nd beam 
element. 

[0056](15) The step which prepares the substrate which has a binary addressing circuit, 
The step which forms the 1st base pad is on this substrate and you are made to combine 
with this binary addressing circuit, The step which forms the 2nd base pad that is on said 
substrate, and it is made to combine with said binary addressing circuit, and has not been 
conducted electrically [ said 1st base pad ], The step which forms the 1st address electrode 
is on said substrate and you are made to combine with said binary addressing circuit, The 
step which forms the 2nd address electrode that is on said substrate, and it is made to 
combine with said binary addressing circuit, and has not been conducted electrically [ said 
1st address electrode ], The step which forms the 1st hinge that contacted said 1st base 
pad, and has conducted electrically, and is on said 1st address electrode via an air gap, 
The step which forms the 2nd hinge that contacted said 2nd base pad, and has conducted 
electrically, and is on said 2nd address electrode via an air gap, The step which forms this 
and the 1st beam element conducted electrically on said 1st hinge, and the step for which 
this and the 2nd beam element conducted electrically are formed on said 2nd hinge, So 
that phase contrast may be made to produce between the step which forms the 1st mirror 
on said 1st beam element, the light which entered into the 2nd mirror, the light which 
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entered into said 1st mirror and received the operation, and **, A formation method of the 
deformable mirror device (DMD) which has a movable mirror element for modulating 
incident light containing the step which forms said 2nd mirror to which the difference is 
perpendicularly given from said 1st mirror on said 2nd beam element. 
[0057](16) A step which prepares a substrate with which it is a formation method of DMD 
which has a movable mirror element for modulating incident light, and this method has a 
binary addressing circuit, A step which forms a metal layer on this board, and a step which 
carries out pattern formation of this metal layer, and allocates a base pad for hinge support 
Bahia, A step which forms a stop component which can control movement of said movable 
mirror element, A step which forms the 1st spacer layer, and a step which carries out 
pattern formation of this 1st spacer layer, and forms a blank in hinge support Bahia in this 
1st spacer layer, A step which forms hinge metal on said 1st spacer layer and a blank in 
said hinge support Bahia, A step which embeds on this hinge metal and forms a hinge etch 
stop, A step which carries out pattern formation of this embedding hinge etch stop, and a 
step which forms beam metal on said hinge metal and said embedding hinge etch stop, A 
step which forms a beam metal etch stop on this beam metal, a step which carries out 
pattern formation of this beam metal etch stop, and a step which removes said beam metal 
in a field which is not covered with this beam metal etch stop, A step which removes said 
hinge metal in a field which is not covered with said hinge etch stop, A step which forms the 
2nd spacer layer, and a step which carries out pattern formation of this 2nd spacer layer, 
and forms a blank in mirror support Bahia, A step which forms the 1st mirror metal layer, 
and a step which forms the 1st mirror etch stop, A step it is made to have this 1st mirror 
etch stop on the 1st mirror area by carrying out pattern formation of this 1st mirror etch 
stop, A step which forms the 2nd mirror metal layer, and a step which forms the 2nd mirror 
etch stop, A step it is made to have this 2nd mirror etch stop on the 2nd mirror area by 
carrying out pattern formation of this 2nd mirror etch stop, A step which removes said 2nd 
mirror metal layer in a field which is not under said 2nd mirror etch stop, A formation 
method of DMD which has a movable mirror element for modulating incident light 
containing a step which removes said 1st mirror metal layer in a field which is not under 
said 1st mirror etch stop or said 2nd mirror etch stop, and a step which removes said 1st 
and 2nd spacer layers. 

[0058](17) A lightwave signal processor device containing the array of a polyphase 
deformable mirror device which has a binary addressing circuit. 

[0059](18) Optical correlator equipment containing the array of a polyphase deformable 
mirror device which has a binary addressing circuit. 

[0060](19) The method of the polyphase light modulation containing the step which 
allocates the. pixel 20 which has at least two modulation elements 22 and 24. Further, by 
addressing said at least two modulation elements 22 and 24, this method carries out light 
which entered into the this addressed element, and contains the step to which the 
nonsequential phase change between [ addressable ] states is received, and it closes. Said 
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method contains the step which resolves the light from said at least two modulation 
elements 22 and 24 further to the response which has at least three original phases. Other 
devices, equipment, and a method are also indicated. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1]T he top view of the two-element polyphase type spatial optical modulator 
(MPSLM) of an embodiment. 

[Drawing 2]T he phase portrait obtained in the abnormal-conditions device of drawing 1 . 

[Drawing 3]T he top view of four-element MPSLM of an embodiment. 

[Drawing 4]T he phase portrait obtained in the abnormal-conditions device of drawing 3 . 

[Drawing 5] The top view of three-element MPSLM of an embodiment. 

[Drawing 6] The phase portrait obtained in the abnormal-conditions device of drawing 5 . 

[Drawing 7]T he top view of two-element MPSLM of another embodiment. 

[Drawing 8] The fragmentary sectional view of MPSLM of an embodiment. 

[Drawing 9] The fragmentary sectional view after the processing step to which MPSLM of an 

embodiment succeeds one another to a to h. 

[Drawing 10]t he lower part shown by the thin dotted line - "- the top view of MPSLM of an 
embodiment which hides and has hinge" and beam structure. 
[Drawing 111T he perspective view of MPSLM of an embodiment. 

[Drawing 12]T he block diagram of the lightwave signal processor incorporating the array of 
MPSLM of an embodiment. 
[Explanations of letters or numerals] 
20 Pixel 

22 The 1st modulation element 
24 The 2nd modulation element 
30 Pixel 

32 The 1st modulation element 
34 The 4th modulation element 
36 The 2nd modulation element 
38 The 3rd modulation element 
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DRAWINGS 



[Drawing 1] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 7] 
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[Drawing 10] 
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^OBWS-rsttfflSSBW? ©fi»*7^o ^7 F U7*f 
£fc «fc o T jg£?-tU4\ t^g^RliT'S 5Ct 
fc^Ufc. 200«BW^O»J*©7FUX«6I4, £ 

tt«K>T-«W*t>©T\ «B»J:tftt«©jK£»cfc^ 10 
T^4Bll«H*4*.*tf» 7*D$r7FUX»i£ia 

[000 7] 
[000 8] 

mmmmztcib^m *im<ommtt, 7- 

*fcltU7^*IB«&B©fcfcfc^£?-S**y# 
fr4»>'>4<* titttfcGTi-uirr FUyfyru'* 

IWfcWT'fe 5 » 2 Jg7 F l/X4MBKO«Uk*f Uffl 

[0 0 0 9] £ttMtt£fc> BB*Wc:|3^T£«l"< 
/W*4X., «6fc«D«BK«*4A*, -tfafiWKaB 30 
*%tz>zt<om&&, 7-f;P^¥B5©**««KteV^ 
TKBfcHNSU *c?fcfctt*«*x*/l'#~-*B«> 
T>h£<-fSrf>\ &&IH4£<4< L-5SCtT-fc5c 
«^T» ^^*fcttfc/^?K»*5X."ffc, S Nib 

[0 0 10] HaSPtt^&fC, fttSICf^-fXICl 
UT»^fcSfc2lV75>f;o*:'F©Bia4Lfc, JtiB 
©*"JjA*SSSBf 5. 

[00 11] 

[0 0 12] 'ffi*B9©^»te*5(r^T, KM —IS 

£««»«*©«* nttft, *fctttt«*«t*** 

®iSS©x^;V4 J --©ifiT»S*o c©x*;U*-tt, 
r*©ttx*;l/^-e#0*-pa6*i:fcT»«*. MX. 
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4 

cn£©i£«, 

fr&BJ«*ft-CV*©-eti4v\ *$T»tt4<, &©g 
KJ4, x^/l/4 f -©»W]«ft±T3W»ft»6J«S. ffl#<* 

««»«*©»« ^bitc**) , «©xjM/*-«» 

©SftH©£tfK©»«T?*!>, l HIBlc***«*0« 

ffi#^xiM'4 f -©**£«»e tt 3 6 0* $fc!4 Zny 
-77 7©{fcffitf#«E U x*/l/*-<D»i(M& t x*;l/* 
-©«SjSt©IBtett 1 8 0* Sfcttx^STyottffi 

TJfiOPfc x*;MS-*jgX.*©#?4<, j§c«©>§{I 
£fcf74$ 0 MX.tf, 1g*®ig©e-A£>J;9 4-£L 
fciftttx 4^&1WMH53iLX.4v\ LfrU fct*© 
e-2dM«rSn**\ fcL*©«£?>£7!)^bt2:U6e> 

nnt& *n«* £T©tfc<fc 
[0013] wmmiz. -s©*ra:te^*«**» 

>f K**©-S©RW*nTi'>*^''JlS«teWiSf *ttB 
©WifiT«»*'ttT, *©-Jg©**ttifiT?©£75-- 
h Sfctt b l^a££tf LfcS Fa y#-y«*icj»K 
LTV**, i8RIBK»fJ*ho^#-i'©*l4, HRfc 
f 4*>^ F n^-ytf&jBS'***!** ©HU 
^a*T*WL^x:M/#-©¥ffl*4bT, ©55© 

^36^ bny^->^e>naisi{cv^TO#i4> n 

T, ffi©W*#lcWr*J:0t>, 

**, Cft5©JWR#ttB4*fMl©»£»** 0 A©5 

ticks , mm. ®$i®> *J:tftt«OKft**A* * 
XMMti, «fll^©ttfflKMLrcn*fif3!l:V^*. X 

ffl©ism*w-rs) u— ffjtetfsmeMHEWB csl 

M) ©7U-<±(cAI<f-e-L,J6e.nS e 1SISt4C©7W 



(4) 

5 

ffc**CMI*«PIU 5S«*noo**flMRtett#LT 
ltm« «K fc*oTMft 

sn* e (bhd *^ofc^<o*»mtt (1/ 

4, 1/2, 3/4B*|Hk *fcttl/8 N 1/4. 3/ 
8, 1/2, 5/8, 3/4, 7/8B&IB) fc#ft«*l 

L*»t»ji»03ytfa-^*6»6n*J:5a, 2i§7 

ft-ftftOs ffl^te7HU^«Bg*n, froJWftfcftft 

sft*»#ft**fliv*itf % 2o«fct)0<ottffl[B]fc*3 
2 517 f ^^*ffl^*tt*ttffioaia«*w«fc* 
[oo 1 43 ussfljoftffl&imi, 2^*fctt*nw± 

©gWMRT *^ SO^ft-ftftrtNfMM- * C fc fc J: o 20 
TtT*t>nS 0 flAtf, 2O0gp^?^f5B^± 
Jc t LfttfAM LT, ft 1 »#ft*±fc fe^T 0 5 5>7 
:/©ffiffiKftff4*. 6tu ft 2 *£HR7±IC4WT « / 

2 7 trr y<Mmmtft$x s n, Hare* w &k» 
s nfe jwh usm**? fttf , 

tifcjttt n / 4 oiEi*©ffiffigfc**j -r * C k fcft 
5o nawcbT, tufti*»ft^±fc*^T«5^7 

^©ttfiWk* 1 ** 6 tU ft 2 B£*7±fc fcV^T a / 

«S 3 a / 4 ©£i*0ffltlStft**rf * c k K 

[0 0 15] Blfctt, *«W©ft»W* 5 m«nTli^ 
5o COftJSWtt, 09^7>tn5S?7>k©ian*X 
.^•yf-f * 1 OOttfflSWft^ 2 2 k, ff/25->7^ 
k 3 a / 2 55>7 > £<OWVM y *ft 2 fflBft^ 
2 4t*»&l3l*ft*2 0*»61llJ««tl* e cn?.2oo 
ft? 0*S»*tBdt* J: 5 te-fe y b *nft3t*llft©» 
«ftfc«fctltf, Kftft0jE(ft<D&&(*, 02 {Ct*£ tlT 
^«4O0ftlll4:ttffiWil Cffr&£, */4, 3 a/ 40 
4, 5 a/4, *S*t/7jr/4) CftSOffi 
ffi«ai|c43t»« JSffOSHfclU 2 OOft LV>j£#tf a / 
2 5^7>OfflffigT?ttlftatl50^ 

\/ n 

*kt>%0. 7 0 71C&& U 2 Ofl^m^ 1 jEWIC 

w^ffiffijc-ty Fsn-cv^ktfttf, j&w*ftn*£ti 

rt/4««*3WPfcLTft«-rsc4:^T?«* d-Jfet) 
"5, «/4tt«*Hfattffl«ttl:*«:L^*) . 50 
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6 

COK»ftftO4O<0ttffl««tt» 0, a/2, 
a, fcJ:tf3*/2 75>7i'£#»L$« 0 
[0 0 1 6] H3(Cl£ v *^WcDt>-5 190ftftM#ft 
StlTV**, COHft3 0rtfc(4, 40©SfaibT7F 
l/^HrtB4lHPW^>WWEr*- ft lfcJ:tfft4ft?3 
2, 3 4fi, 07^7ytff7^7yi:OBjT?^ yf- 
**. ft2ft?36*3«ktfft3ft : F38li, a/25$> 

#«ti««k9KHzy h-rntf, Bi4icssnrv^*«8; 
ri^ttffi#a*^«ft$ *o c©h*»«w> i o© 

5*7£o C<0«ft3 0ti, 2J17Fl/Xfcft 

7KI/XftftH»fcftlKWe«*. g$ft?3 2, 3 
4, 3 6, fc«fctf3 8Q^JttttiEftftEBii, &fltk 

ft£BCft±lcftfti2ft*« v 

[0017] ±at©«Htt, ftft**«ftvHfi[ffi««iH 

fcw«nrv^«ftBWWttx d^iift4 0 

tt 3 ^©jflBSW 6* D , 1 oo*? 4 2 ti 0 7 5>7 
ytx^^ytOlBTf^y^U ft2|g?44{±a 
/37^7>i4 a/3v^7yk©raTX-T«y^U 
ft3ft : ?4 6«2a/35^7yk5a/37^7yk 

©KTx^y^T'S, cti&oft^o«"&'«'i4, auEfc 

TjWI tvMft«T?** k{5£L7 k cJ§-&©l£g© 2 / 3 ) 

[0018] fti8ii«i©^ffiHft». t&mmj-xx 

ISIS8T*^So fflOftJSWKfet^Tlis ±5jEOjaftti, 2 

[0 0 19] ^<©»jOft*WKl«SV^Ttt, PW**W 

^JgAI-Sfc^t, SE«ft?±lcvXi'*Kft , r*jMi 
l27<D7 r / < ;-l'X5 Otett, 8Iftft¥7*/W*S 

ft? 5 6 ^3<kr>' 5 8 5 2 t ftjt? 5 4 t<DmiC 

ME*l/*6tlTlf^*. "VX^eOti, t^7t?5 4©^ 

fcwap«n*. a5^6 2tis ft 1 ©ajRsnfcws** 
-r*vx^6oom«*^e. ftisisift?5 6fcj:c; 

ft«% ft2^lfift?5 8*5J:t;a5^6 4%ii3iUfc)ttte 



7 

6 m i «i«*^©ffi«*Wfciaft*ftrffiffitt«iyiT 
*»©i^*»tstf*^efc*«BET*fc«>fc, awe 

n/ZyiSTytKOffl-VX'fvi-LSZo 08JJ, C© 
WOWHl*, &flPJ&59~7WX (DMD) ft 

n©^DfjS?fc)\ Sfil 59-7 2fe«fctf8i2 59-7 

4*^&. wFtuos^-a, A*tr&mf!f3©ffi*g© 
&mt**$tcmtitetixv*, *-ft* f ft©59-©# 

IB! *fctt» 2*6**1 0 4, 106t, *©T 

fc«*7Ku^««8 o toia»c«E*aiftrt-*c:tfc 

i?r(7%fcW. §5^1 0 4, to6ti, ^-x/s 
V K7 8, ^^^9 6, 9 8, 43<fctf 1 0 

0, 1 0 2*«TTW©/^7*BBHc&««ftT^ 
So SSSR^ 1 0 4 $fcf* 1 0 6 ts T&<07 PI/MM 

8 0k&, x7^y7**^*©2-3©®K;§:flM 

etOlili, g&Sfr? 1 0 4 1 0 6&Tgfl©7 

k 8 o i tow- 5»«fiWj*fe j: irr. 

CtUCfeO, JW7'l0 4*ftttl0 6tt, Maot^ 
5>9 6 gfcti 9 8 < tiH^nTl^Mfe 

Ofc|fO*V>T«flH* Lfc&n*. 1 0 4 ttcit ] 

0 6 fcflJftl* ft*7 K UXmE(*> 10 4, 10 

6*T*OlMWM:tttt8 2K&&61- T«^L46 
*«t5K4oT^*o SRHW 1 0 4, 106©jIIS&, 
^5?1 04, 1 0 6±tC^$3tl/c59-* ; ?7 2, 

7 4teKW*4a*. ^©PS, flsipj-£U{>e>nfcS9-7 
2, 7 4«, ni7^7^ (fcfcLnttfcft) CD^g&<0 
Wb*ft«L»*. SI 59-7 2tt, «lft|LTV»4^ 
Bffc0 7v ? 7>'i:LT^ii>6tiTV^OT*, 09i>7y 
fcnir9S>7> (nttlHR) fcOWt»ttffi««{b«H4- 
*. »259-7 4f4 % DMD«H*it«ttfc»*l*te 
tt, 59-7 4Q*HBtfIRl 59-7 2©&flSfrfc*/ 
4 5^7^©WR««*t«ffi*L»6tlTt^© , e, * 
tt D 2 O©^© 5 W£?Sii« m ir / 2 9 S>7 ^ 

[00 2 1] HJfilgtt, <fc 9£< <D\m^<D7 

9-^*n ; fno9^7>'i:«/2 9^7 y toia, * 

/6 9^7y£2;r/3 9>?7>i:©|ig, fcJ:t//r/3 

9 5?7 y i: 5 n / 6 9 i>7 y t ©IST^fj-r 5 X *> 
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m ntuiy 359 -Hig^eia s n ? s„ 

CO 0 2 2] $fflggnH%£«K (MP S LM) ©© 
itfi, T8fl©CMOS|I]&©$$fre»&#6n*, en 
14, DMD&¥7Vx7Wfcffl^e>ftS, T^lfWJ 
DRAM&fc&S RAM7WT$0?S o LfrU M 
P S LMtc^UTW, WJRtt7*nB***J8-r*fc«> 

^SW7U-f«, D R AM£fc&£S RAM 
10 TVlsXyUJtmW&Zo 

CO 0 2 3] 7 KUXBKBOWftlClfc^Ts #13 

0 8 3, 8 5 7*teHjft**l-CV*i5M6afft 
rHftt^DMDj laoWtlfciO* 59-©T 

M«sn§ 0 rn&nty^DMDj ©xgfcj; 

At&fci&fc, &fg59-**fcflLT#fCl£ttj!int 

CO 0 2 43 09 afcfclA-Cti, W&7 QtjWmttl 

O C M 0 S 7 K OK k ll^Wfc^il-r 5 W 7 
(via) fe < fctF7Kl/7.«8i8 0<Ofc*<0^-X/^y 
K7 8*#*«, ±^«fc-5{cl, C©TgPCM0S7K 
PXIDSSti, DRAM*fc«SRAM7KU'7 > 7UYi: 

CO 0 2 53 9 b fcfcvni, 59-7 2$fe« 

7 4 (D^»J*$iJ®-r§fe*i)fc:f?±ai*f^«LJ5: < tt% 
30 »*Lt^«BWtttt, 59-7 2 Sfcti 7 4<0 

tjc< o±icmm 1 o*fci**nw±o{f ±» 

< l4«H^9XT|(Mbft7 , #^'>3 y Off* L< tt 5 0 
CO 0 2 63 129 cl±, mi 9-M8 4 6 t W«*U 

fo SB l X^-^JB 8 4 *ifff±aw*^« 

40 8 4 0f? (Tsp) a, MW82(0I« (Ts 

P ) £, xarr*JHiPi©i/4Kft©«rtH& cm a/ 

4, mlt#m t.Q%\lc&L^&gtf&&o CO&vlc 
tT, ®1 0 4*3*^1 0 6 (E^^nTV^V^o 09 
e#M) £, SRI 0 4*3*^1 0 6±K^$n/c59 
-7 2*Sctt;7 4 <BW%**VClf'»fcV\ ia8#,^) t 

m 1 X^-VM 8 4 (L = mA/4 =T s p-T s 
t, mttffR) 0«0|»SteJ:9 % t>^«^9 6 % 9 

8 (WRSftTV*^. 09e#M) t, I^S##±g|5 

Ms 2©w»t<DB»ca«n*aw*nfcE«L*«T 

50 fi(6ll?S, iJSot, ^miX^— 9-® 8 4 ©If $ (T 
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s P ) it. mfalx^%^s.?-frt>8.%2ftrz%£, 
mRtntcmmi a=mA/4, mit$&) mrm 

mn/Z (.mlt^m ££S<fc 9 \CB&2ftT^% e # 
?gl8©Ha6Wc:fcVva3\ 6 3 2 8 k<DmWZ&?£LX 
57-RS©#SSg-£*m7r (mttiStSO icfSfc 
*6fctis 5-7-«mA/4-ffc*>5 1 5 8 2 A, 4 74 
6 A, 79 l OA, ^/ct:M£$)L*fc<Ttiftc>&v\> 
llliWcfc^TMu 4 7 4 6 A<Dffifa<Drzt!>iCm= 3 
JSiRSnSo 8F£ b< tt, mi **-tf*©W;SB 6 2 10 
00A££ft£©T\ ^*WM:»*f8 2©#*UW 
*(* 1 4 5 4 A ££S 0 ffi 1 9"® 8 4 (C 

it, /W7/^ K7 8ll£*J«jnSfcyi^»/W7 

[0 0 2 7] 09 dfcfc^T*-. mtlKy^J T 

m&wt^ns, mi *^~*08 4±tc, »v>t 

7^7. h y 79 0 tfffAStlt. 20 
[0 0 2 8] 09 efCfc^-Ctt. »7;I/3-*AjW<I 
4£W&&tu J £©±fc*o i^©^7?Xv»fc*Mi 

t > f*©x >y f-X h v 7 9 0 t ntttc LT087rt> 5 
-•>A«DX>y^7h>y79 4^fiX$n-5 0 #(C V 7^ 
^x^AWXy^y^Wr&frnT, %7;V5x?A© 
Xyf-*b?79 4Jc£08frftT«^&VMiS$©^7/V 
5x<>Ai:> ky^S-^^xyfXhy^QO 
lc J: r> Mt>tlT y *J7fc 5 x<? A 8 8 t % 5 V 
--yj??% 0 c©J;?fcLT, S8l fcy$?Jft?9 6tf 30 
J&RSn* 10ftfel***U^©*2bV?JR? 98tf 
JMJSft* 1 o*ftttf-nftU:©» 1 t y^JR^XW* 

1 0 2 sWMtStu m 1 Rttf? 1 0 4 jWBSS 

7iy i-y^m^xmm^^ 9 0 9 4 «m 

tNB 8 4 ©RiaSttlfft t>n* K 40 
C0 0 2 9] 09 ffCfel^T, Sg2X^— 9-JIl 

08*^tfyflWP*n«o Hf27,^-tf®l 1 8tt, 5 
7-7 2fc<fct/7 4tf«|«iLfe»lfc59— 
#1 0 2fe<fctfl 0 4fcafe&ft^*'5fc, 
*t»fc*<TM:*&ft^. *«0Hfc*^Ttt» 57-© 
WtySKbM 7 4 8 JffSU**'*— fr© 

*£tt6 200A*ftfcTHi , -efc*. *10 4» 

1 0 6±iC5.7-%ftA<<T<D&m 1 1 0*W*-y# 

«sn, *ouvwt«Ffts. 

[0 0303 35?JC % H9gKfe^T, 59-7^5-«> 50 



1$fcW6-2 8 18 6 9 
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Al 1 2«W«*t»6tU SfcteffiM^X^IHfc* 

mi%i£^*bt>nTxy?><?znzztic£*) ran 

So 

[00 313 09 hfcfc^Ttt, <*ifc55-W©IMHI 
04**/fc*6©5BlB©7;b5x«>A*l 1 BjWMWb 
*&ti*. 7rt'3x*Al i 6©MS& RttlcfeLX 
Oflyh59-«©3U»!l*n A/4 (nttSftt) fc&S 
*5lc» n A/8(c*UnMW**. »*U\ A = 

6 3 2 8 A©AJ*}fctettl/CH\ COHStt 7 9 1 
A, 2 3 7 3A, 3 9 5 5A, 5 5 3 7 A, tTCfcD 5 
So #*b<tt, 7^5X^A1 1 6©»«tt, n = 3 
KtfTS 2373Ai:1--So Rtfl«fc«WiH*««L»6 

n7/I/5-^iX7f^^ 1 l 8AHBASn«, HI 
1 57-7 2©£7;P5x?Afct xyf77^ I 1 8 

fr6*»«n A/8©7;1'$X*A%I$£TS. 
[0 0 3 23 09 i fcfcV^T, ^^*•>x/^ (0 

^tiTt^v) *\ mftv&sicocmznxT® 

Ztl s X^— VM84t3£Xfl 08«*^nT, 

cfctf7 4fr6©20*W*tl«, 
[00 3 33 01 Ott, DMD©Y^O^?7 0©^® 
0S®> H*j^t. 09 a*>e.09 1 ftfcK 

4t%%£tiC&m,?^%T*%>%, C<D£*>iCbT, 
^x^/U^-^^SSTSo 

[0 0 3 43 01 His DMD<OV^D|?7 0^1 
IT$5o 01.2tt, H»W©DMD«fflV^fc«*^ 
0 O©7*Dy^0T f SS e ^ctt^snTV^ 

S e *^W©iffiHK:tt, BWSnfcfe©i;ttaaOH t 

frfc»iw»#©«Brtte» ssttdw fe * fed* ns c t 

[0 0 3 53 )t€^7*P-b'y+)-2 0 0tCfel^T{i, 3fe 
-l^Vh)^R2 0 2^3t-l/yh)t2 0 4T)tSa/ 
2 0 6 So 2 0 6 tt, MM 2 0 

23^6©3t%*tttW©DMD7 0 (0**nT^^^ e 
09#M) ©Ml 1 7W 2 0 8 ±^l««fcS«r*, 
C©» 1 7U-<2 0 8(i, AiJ-f^-f-fey^Z 1 Ofc 

*oT#*6nfcA*iH»%^ , rs. c©si^(i, mi 

7 W 2 0 8(C«fe 03W1^2 0 4±fc«WWR'*&tU 
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$\ pyX2 1 4'\ifli*^Tjija-a'Li6%o 1^x2 i 

2 1 2fc*tLT7-Ux^$£t7&1'\ ^WJODMD 

70 ffl/f^nTt^^, ®9pm omzru^zi 

LtbZm^tZ* Z.<D%27U<<2 1 8tt> 7>f/l' 
$T—$"<>-X2 2 0lc£b$?Lt>ntcMM2ftrc74 
Zb^lHfifcWfSo ^27^2 18^ *©7<f/V* 10 

®®£*r>&mmmytm%2 1 6&ggs?LT, 7^ 

/l/*2ttfdf^2 2 2£lxyX2 1 4'\ftttTiM5o \y 
VX2 1 41*, *^^fCfeV^T^HCDJ:-5t, 7-f 
;P^«nfcm^2 2 2<DjS*7-yx^^T=5:V\ ttlrt 
!SBSjg*t2 2 4*£i;5o c©tb^S§l«#(i> Wl% 
m-2 0 6K<fcoTll®l*JfC£l>fSftTC CD^-$> 

+ 22 e^tf-caten, ccD-Y*-y>2 2 6&ft 

fflKT^72 2 8tb^?f5o ^fflBSV<y72 2 8«, * 

&£®®(Dm®m> ^3^x}xt}mmicm^7^)if 20 
mwwmzyrsto mmmic^rit, ^20 2« 
u\L-vy hvtz 0 4 ^nj^j-r 5 u-tr ft** 

It, ^?2 0 6t«feoTSIt5n§3b\ 

VX2 1 4 lg£fc&£UyX£T'i&?)53o 
[0 0 3 6] ^M'J<ODMD7 OKfe^Tfi, 5.7-7 

2^j:t;5v-7 o{*iiL^sfcit<iiSi€L*e>n§p 30 
fc, ^±fci^^n§ 0 fe^vMi, cne^8 4t>j; 

1 0 8 ft 1 0 4 fcjctt" 1 0 6 <D$kfe%Mm<Df* 
7*^^/119 6/1 0 4^^ 3?-7 2*5«fct/7 

4, 1 ozzmmtev*yy\sTcn$<rmwc% 

0 8 3. 8 5 7^lC^^nTV^ TUnty^J 
(cfcivftt, ff±8m 8 2 (it&lfttt#±tt#£ LTI&W 
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DR AMSfcttS R AM#©*»©t>©*W*U^ 
tf8^f/W7 (CCD) *fcttttOtt£0Hftfc* 

tO 0 3 7] ^ffftt, 2 SS-V^aHWrtTA/WO 

fzo 3S7- (sjfctt^neu:©) t*p*?*cwut 

[0 0 3 8] 09 afre>H9g$T«\ »3 35-K:*f 

[0 0 3 9] 09hfc:*5^TH;, 3 
fctt, »W02 5?HB©5WfclRLT0#BSgtf, m 
= 1.4. 7«tUTmn/3lc4*J:5K:» 7/1/3- 

<Ttt*6*l>» *»Wte*V^tt» 6 3 2 8 K<09Sm 
fcftLT, £nti5 2 7 A, 2 1 1 OA, 3 6 9 2 A, 

fK«at*. tuwwca^Ttt* m-4fc«r*2 1 

1 0k<O&Z<O7)\>5.-7l*mi 1 6^«ffl*tl5*o 
[0 0 4 0] 0 9 h KfcVvTli, ??)(cm3 37-JcW 

U iiiia©7;U3-7A©7 f ^> , y3y43<ktj ; ®{b^ 
x^o?**?*^ cne>©Ji(*, 7/u 

a^i 1 6**aiwtflij^* 1 1 8 annuel, 

XMf&Zti%o L<«, 7;l/5x7AJit±, ^2 5 
7- fc^ 3 5 5- a ©file $ 6 lc 4 h / 3 5 ->*7 
«JtHrt8*4**fc»fc2 1 1 0 kt?% 0 09 i (CM 
at*W*W>0«rlStt% 09 i©W©KWlcfe»t*i: 

[0041] W±fc*v^Ttt«*«42a7 Kl/vS/V 

[0 0 4 2] W±(C«5V>T(i, VKO*»OJW8iH*«MB 
»*©KHrt K-ft* ti*HSIlWfe * fc*^W^I5B fed 

[0 0 4 3] «±OIWW*cHUT!8fcWT©**IB^r 

So 

( 1 ) '>&< fcfc 2ocD7 KU^fliJWriiWMBtX'f 



13 

win-ex-r y *l -5 s wo* < *> 2 ^©aesws? 

1 1> 2 OCD7 F U-Xjt&SJ&tf&faT'X'l' y * LfclWR 

co 04 4] (2) mm / }>*<t*>z'D<o9mn : ?*7 10 

tt* 2JWMC[««ft*St* t** 217 FUXJI3&0X 
C 0 0 4 5 3 ( 3 ) ffi!B'>£ < 1 1 2 OOSOWR^ 

*n6©«vF*w>7 Kux«»cBWinsftfc7 fi^x 
co 0 4 6] (4) «B^ft< t^z-Doiwhmm? 

VP* < 1 otf, nfcftO&g© 1 / 4 Off 20 

sit ttiwc * v ->*7 y ©ttffla^#ft-r * , B 3 jsibk 
co 0 4 7] ( 5 ) m&4>tt < * t. z-Dom^m^ 

c 0 0 4 8 3 ( 6 ) memmmvtf, 7 f wek is 

CO 0 4 9) (7) £*>20©7FUX^RT8g 

«8Mircx-r y*-us sag 1 mmm^t. ®m 1 km* 
?Ktm+*s 1 1 2007 Fux<Bffi^rtt«tt 

K?X^y?L?3Sff2£3^T*&oTs KM2^IS 

&z rimmm z mmm? t , tt^mm^mmm 
«Kfk**"tf u*^ *T»»cSflrr*7 f uxmsiiK 

CO 0 5 0] (8) ffflE£l£SIft?tC|*tt-f5« 
< 1 2 007 F UXfcfcWRtRW'CX'l' y ?■ L 3 * 
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3KSHS?fc, fflBIB2*J;ro3KMX¥K:|R*U 
< t 2 0©7 F UX*|^nffilt>cl8lg|T-X^ y * L 3 * 
ttHB^i2*5j;^lg3ggffllS?(cAMLT J E-0^ffl% 

[0 0 5 1] ( 9 ) - WBaWJISW 2 0©7 F UX«S 

do) m$&'p%< ttz-Dvnmm?^ ztizcoz 

ti?n<07 F UXWRcHfllo2rftfc7 K UXWff 

LTSit»ifiiK:ita*tii)&n*^ii(is«*TF'ea&Sx 

^7SIEf50^iSSio 

CO 0 5 2] (11) iMB'>ft<4:fc2 0©ff»fi»iR 
?©'>$: < 1 1 1 0*V aBRStlfcittOttfi© 1/4© 
ff*tt£ttfi«#foK:ifcHfciL«>&*U *tifeJ:t>T, 

k*&< tt. i o0S*£rtMm#ua&tifc£tHR 

OfiltJWlCx^^VOffilBtt^MEt*, SB l 0* 
[00 5 33 (1 2) JKME^a < t 2 OOBJURWJR 

aM?*nfcjt©»fi©i/8©fftt««»s** 

WKEWRTOfe 5iot, K'>4 < 1 1, 2 -ofO^JWiR 

co o 5 4 3 d3) mmmmm? t>\ 7 f uxmaic 

«!B«©^H38g. 

CO 0 5 53 (I 4) &R*t$mt*xrv'7t, RS 
«±fc 2 W7 F ^flK£BB*»*r * v ^fc, W 
1 SBRW 2 gS7 F UXflKSff jlfeWft**-*-* J: 5 
te, MG 2 517 F UX«SSBK:««Wtce^ L* & 
ti^KM l f&KttB&t Sf X y 7i: , ^2 RiR^F 
2SS7Kl/Xft«Bj««IB**r*J:5K:. MIB2ii 
7 F UX^HS&fcS&tttelS&tf Li6 6 tu mll% 1 
SSR^KBIft LfeSiai 2 !M»*»JOT*X? y 7fc, 
MIB^ 1 **HP±lc» 1 57-*»iai-5Xry T't, 
^2 55-tcX^Lxft)tei:v MEWl 57-(cA^tT 

MIBm2 5'7-%, flIB^2^ ; ?±ic^fi81-^X7 i y 
**rr»R»l»I»55- J f/WX (DM D) ©JBfiic* 

So 

CO 0 5 63 (1 5) 2»7KUX»Jg@IS**-rS* 
7Kl/Xfa£lDH«c|g#^L4i)6nT^*»l^-X/< 



(9) 
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OWE 2 517 F UXfiSHtttefiteNi- 6 ftTVSM 

1 7 f uxm&m&tz xrvft. mzm±ic tb 
t> v #omib 2 an7 f i/^iBSBHSKJia^ e nr 

-X/<y Ft«*LT«(tWfc«iLT»« , !i^i7 
^ y hxmsm 1 7 F UXftttxfc&SM 1 t 10 

tSiilttffWWWlXfyyfc, #}|BM2fc:>'S> 

^y7fc, fljfBM l SRJR^te* l 5 a 
fy/t, »2 57-lcA.«LfcJfci:, ttKMl 55- 

6nrv^i5i2^2 57~*> tro3£2£jR?±fcff!/ft 

5v-jR?*^r*iE«BrilE5^— t>U* (DMD) 

coo57] (i 6) AMK*Kiir«fc«eiaib57 
217 Ki/^McnK«*t«MK«mrr«x7y r 

&&«±K:&Jg;i£^$ , f£Xxy7 p i:, K&JSJf 
*/<*->$A UT t yS^W/W 7Wfc4t>CD^-X/^ 
y F*Egat*^rv7i:, WETST»59-*^©I>» 30 
£$WL?3#±^£m$?*Xxy:7^ HlX^ 
— 7-/lfcJM-fSXT>y7 > ^ KMl X"*~*Ji*/5* 
-y»*bTK* 1 ^-*»rtfctVJ'S»/W70 

tfl»E t y w 7<D^m±fc t ^&®*»r 

£J&/£t3X-ry:7fc, ^ffliiyfXh'y^/^ 
W«rtOt(»Bky^&**lljs6 , r*X^y!74:, M2X 

^— y-wfejaawsxry:/^ r»2x^— ws£/< 

•y7i:, Ml S7-&MSftrtrftX?y72:, Ml 
5 7-x.yf-Xhy^***a-r*Xxy^fc, £M 1 5 
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157-XyfXhy 7*tf M 1 5 7-««±fc &S«fc7 
(cfSXryT^ M2S7r-&«i*»fiM'*X?y 
7°t> M2 57-Xy^*hy7£JM-f£*-ry7* 

^2 37-xy*Xhy:7*><*->'fcj»t*C 
fcfc J: «J m 2 5 7-iy h y fim 2 55-fiW 
±ic&%£?ict%XTV"7t, WEM2 35-x*f- 

x f * r©T«c»^w«rtottiB» 2 5 7-&mmm 

S-rsXryyt, miiaMl 57-i7fXh77"lfc 
«fWIBM2 57-xyf-X Fy T'OTfcft^flWWOfW 
IBM 1 55~fcJWi»l*S"**Xf-y ^t, WIBM 1 * 
AtfM2X^—9-»*BteS-r*Xf yT'fc* A 

[00 5 8] (t 7) 2Jl7FUXl»«iaH**1-** 
W5JiS7-7/WX©7L/'f%ttf^7*Dt 

y-wsB. 

[0 0 5 9] (18) 2Jt7FUX*a[Btt*Wr** 
ttlW^«.39-TVVX®7W*3t»^H»8 

go 

[0 0 6 0] (1 9) '>*<fcfe 2^****2 2» 
2 4*frr*B*2 0*ERT*X^y^*^O % 
«SSWS, K»i£H:*6te, WE'>a<tt.2O0 
8gWS£P22, 2 4*7FUXlB)Er*ctfcJ;r), K 
7 FUX}|^n/c^ : F{c:A#fLfc^UT7 FUXft 

fyyWtr. tME*fctt«&te> iffiIB'>&< tfe 20 

SOf4^WT§^fcft?<i-r§XT'y7 , ^ty, «w> 

[0ffiCDfffi¥£18IE] 

[B i ] %mm<d 2 M?$ffi«gnnft&n» (m p s 

LM) ©¥BB0c 

[02] Hl®«IlTWXtefcV>T»&ft*4M§BI. 
[0 3 ] gffitto 4 JR?M P S L M©¥® 0„ 
[04] H3©«H7WX£fe^TS&n*(MBH. 
[0 5 ] HffiS0>J© 3 JR^M P S L M©¥®0. 
[1216] H5©SHTWXfcfe^T»&ft*ffitlHo 
[0 7 ] glJO^SSsp© 2 HS^M PS L M©¥ffi0o 
[08] nmmOMP S LMOSP^fifflSo 
[09] aA^hfTtis miSWOMP S LM©ffi^<' 

[01 o] m^&mr*7r^nrcT$<D mtxtyvs *s 

J:Cf««a%*rf *«*W©MP S LM<D¥ffi0. 

[011] HSS0IJCDM P S L MO^?I0 O 

[012] %mm<D\A P S L M<07 U-<^^A,f£^m 
f7*p-byt07ny ^0 O 

[?5#©g»«] 

20 

2 2 Ml^P^? 

2 4 -mimm* 
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3 0 HIS 

3 2 ftlKM*? 

3 4 &4£H£? 



(10) 
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*36 ^2^IB^ 
3 8 H53&HX7- 



[01] 



[023 
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*=0 
OR 

4=TT 



22 



or 24 






A=0,707 *^3tt/4 A=0.707 *==tt/4 




A =0,707 *=5n/4 A=:0.707 *^7tt/4 



[04] 





A=0.500 *-*r A««.000 *-0 A«O.5O0 ««Q 





^-H ©■-© 


( 


> 0 Q < 
^-i frP 1 ^ 


1 £) 
1 P' 


AbO.707 


j >> cr 5— < 

♦«5w/4 A=0.500 


♦ -3w/8 A=*.707 





(12) 
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